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Introduction 41
Thermal models predict that hydrated basalt in subducted ocean crust is too cold to melt 42 when it lies beneath the volcanic arc of most modern subduction zones [1, 2] . While some 43 models incorporate melting of subducted crust [3] , the geochemistry of arc lavas indicates 44 (i) that devolatilisation is the main mechanism transferring material out of the slab, and 45 (ii) that the overlying mantle wedge is, volumetrically, the major source of arc lavas [4-46 7] . Partial melting of subducted crust should leave a garnet-bearing residue [8, 9] Rocks of this type, which have become known as adakites, have been generated in active 49 subduction zones where young ocean crust is subducted (<25Ma). This observation has 50 been interpreted as evidence that young ocean crust is more prone to melting than older 51 crust because it retains a greater proportion of its initial heat [10] . 52
Constraining the origin of modern adakites is important for several reasons. First, the 53 presence of adakitic rocks implies an unusual thermal regime compared to most modern 54 subduction zones. Second, many major and trace element characteristics of adakites 55 resemble tonalite-trondhjemite-granodiorite genisses, which are important components in 56
Archean terranes. Therefore, modern adakitic magmatism may provide an analogue for 57 continental growth processes in the early Earth [11] [12] [13] [14] . Finally, several suites of adakitic 58 rocks are associated with porphyry and epithermal style Cu-, Au-mineralization [15] [16] [17] . 59
While the metallogenic significance of this link is contested [18] [19] [20] the association offers 60 to shed light on the thermal and dynamic state of subduction zones that host such 61
deposits. 62
Since their first description as products of melting young slab [10] , increasing numbers of 63 adakitic suites have been recognized that were emplaced where the subducted crust was 64 old, and thus inferred to be cold. This observation has two possible implications for the 65 slab-melting hypothesis. The first possibility is that certain exceptional subduction zone 66 geometries permit melting of subducted basaltic rocks which are greater than 25 million 67 years of age. Several such mechanisms have been advanced including melting the leading 68 edges of newly subducted slabs [21] , shear heating of slab interiors that are exposed along 69 fracture zones [22] , or prolonged slab residence in the shallow mantle as a result of 70 decreasing angle of subduction [23] . Each of these "cool slab" models appeals to a unique 71 thermal structure and slab melting mechanism for the subduction zone in question. 72
The alternative implication is that melting of subducted crust does not generate all, or 73 even any, adakitic magma. For example, arc crust that is sufficiently thick for garnet to be 74 stable in basaltic rock is proposed as a source for adakitic magmatism in the Andes, 75 western US and Tibet [24] [25] [26] [27] [28] . However, this mechanism is not feasible where arc crust is 76 less than ~30km thick; the minimum depth of garnet amphibolite or eclogite P-T 77 conditions. For arcs with thin crust this has led to the default interpretation that subducted 78 crust is the only part of the subduction zone where basaltic rocks can attain a suitable 79 mineralogy to act as adakite sources. 80
The Surigao peninsula in Mindanao, the Philippines, hosts adakitic rocks generated 81 during subduction of the Philippine Sea Plate at the Philippine Trench (Fig. 1 We present new geochemical data to test the slab-melt hypothesis in Surigao. Our data 96
indicate that the geochemical distinction between these adakites and more normal island 97 arc lavas (generated by the same subduction zone) result from differentiation of the 98 adakites in the garnet stability field. Our model removes the need to postulate several 99 different mechanisms to melt old subducted crust. Instead, adakites can be regarded as 100 part of the spectrum of magmas that may be produced by any subduction zone.the last possibility is true then adakitic magmas can be developed without the need to 150 invoke slab melting. 151
Modification of Adakitic Slab Melts 152
Two mechanisms could modify the composition of true slab melts towards those of arc 153 lavas. Slab melts could mix with contemporaneous arc lavas or they could interact with 154 mafic or ultramafic rocks during transport from their source to the surface. 155
Mixing between a strongly adakitic magma and a more mafic island arc magma (low 156
SiO 2 , Sr/Y and La/Y, and high MgO) is precluded on three counts. First, magma mixing 157 should produce straight arrays in binary plots. However, Al 2 O 3 , the light rare earth 158 elements and Sr display inflections at around 60 wt.% SiO 2 (Fig. 2b,d,f) . Second, adakitic 159 rocks are more common in the west of the peninsula while arc lavas occur in the east (Fig  160   3e and f) . This observation conflicts with models based on theory or experimental data, 161 which predict that partial melting of subducted crust should occur closer to the trench 162 than the fluid-fluxed melting of the mantle wedge which produces typical arc magmas [ (Fig. 5 ). In conjunction with the 177 similarities of all trace element ratios, except those involving Y and the HREEs (Fig. 4a) , 178 this suggests both the adakitic and arc suites are ultimately derived from similar sources. 179
The second means of changing slab melt composition is assimilation of rocks from the 180 mantle or crust. With respect to SiO 2 the Surigao adakites possess high mg-numbers 181 (Table 1 ) and are relatively rich in elements that are abundant in peridotite, such as MgO 182 (Fig. 2a) 
Adakite production from Arc Basalt 236
Incompatible trace element ratios and isotopic characteristics of the Pleistocene rocks are 237 similar to those of Pliocene arc lavas except for extreme depletion of Y and the HREEs 238 (Fig. 4b) . Y and the HREE are strongly correlated with SiO 2 (Fig. 2e and 4b) . Since, (i) 239 magma mixing, assimilation of mantle or crust, and variable slab melting cannot 240 satisfactorily explain the geochemistry of the adakites, and (ii) the isotopic data suggest 241 that the Pliocene and Pleistocene rocks ultimately share a source in mantle wedge, we 242 conclude that the adakitic signature of the Pliocene rocks was produced either by solid 243 fractionation from arc magma, or by partial melting of arc magma that had completely 244
solidified. 245
Plagioclase is by far the most abundant phenocryst in the adakitic rocks (25-50%), 246 followed by hornblende (10-15%), with trace quantities of biotite, Fe-Ti oxide and 247 clinopyroxene. Differentiation of an amphibole-dominated assemblage has been proposed 248 as a mechanism to produce adakitic rocks on Camiguin Island, north of Mindanao [43] , 249 but a plagioclase-amphibole assemblage is unable to reproduce the trace element 250 signature of the Surigao suite. In particular, removal of these phases would produce 251 concave-upwards patterns between the middle and heavy rare earth elements (Fig. 4c) and 252 result in decreasing Dy/Yb with increasing SiO 2 . The increase of Dy/Yb with 253 differentiation (Fig. 3c) requires that a phase with D Yb > D Dy , such as garnet, was 254 involved in the development of the adakitic signature. The rare earth element patterns are 255 consistent with fractionation of an assemblage containing clinopyroxene, orthopyroxene, 256 garnet and amphibole in proportions similar to those crystallised in basaltic melt at 257 1.2GPa ( Fig. 4c; [44] ). Crystallisation of a small quantity of a light rare earth element-258 bearing phase, such as allanite, is also required to account for the depletion of La and Ce 259 in the most silica-rich compositions (Figs. 2f and 4) . Employing Pliocene arc lava as a 260 starting composition suggests that 30% to 50% crystallisation of the high pressure 261 assemblage is sufficient to produce the the Surigao suite (solid line, Fig. 3d) . 262
Alternatively, adakitic rocks may be produced by remelting arc magma that solidified at 263 depths where garnet was stable. Garnet and amphibole may crystallise from basaltic melt 264 at high pressure (see above; [44]) or may develop during isobaric cooling of rocks 265 emplaced slightly shallower than the depth where garnet becomes a liquidus phase [45] . 266
As already noted, major element variations in the Surigao suite closely resemble andesite 267 and dacite compositions generated in the laboratory by isobaric melting of hydrous 268 metabasalt over a range of temperatures (Fig. 2a-c) . Remelting arc lava, which contains 269 more Sr (and other trace elements) than ocean floor basalt, produces a better fit to adakitic 270 Sr -Y systematics than melting subducted ocean crust (long dash line, Fig. 3d ) but 271 requires extremely high degrees (>50%) of batch melting with residual garnet, amphibole 272 and pyroxene (Fig. 3d) convecting mantle is beyond the scope of this paper. However, the presence of substantial 296 melt volumes within the shallow mantle wedge is consistent with the inferences from the 297 Surigao geochemical data. At 35km basaltic arc magma will crystallise a garnet-bearing 298 assemblage. As discussed above this, in turn, will produce either silicic differentiated 299 liquid with adakitic chemistry, or garnet-bearing mafic rock that could remelt to yield 300 adakitic magma. In either case, during transport from the locus of crystallisation to the 301 Moho the adakitic magma produced will have the opportunity to interact with mantle 302 peridotite and acquire the elevated MgO, Ni and Cr concentrations and mg-numbers 303 observed at Surigao and in other adakite suites [14] . 304
Adakite Production in the East Philippine Arc 305
Surigao's low-lying central plain (Fig. 1c) is a young rift or transtensional feature [32] , so 306 the temperature at any depth beneath the plain will be higher than at the same depth 307 further west, on the rift margin (Fig. 6) . The strong spatial control on the composition of 308
Surigao adakites infers that the temperature of solid -melt equilibrium increases from the 309 west coast to the central plain ( Fig. 3e and f) . Lower geothermal gradients at the rift 310 margin may allow more extensive crystallisation of magma here than is the case in the 311 central part of the rift. Similarly, if remelting is responsible for adakite generation, then 312 melting temperatures will be higher beneath the central plain than at a similar depth 313 beneath the rift margins (Fig. 6) . Therefore, Pleistocene thinning of the overriding plate 314 provides a single mechanism to produce both the rifted morphology of the peninsula and 315 the geographic control on melt chemistry. 316
Implications for Other Adakite Suites 317
Figure 6 summarises the mechanisms by which adakitic magma may be generated from 318 arc basalt via crystallisation in the mantle wedge. This model has several important 319 implications for petrogenesis of other adakitic magmatic suites. 320 _______________ (Figure 6 here If adakitic magma can be produced from any primitive arc melt, why are adakites not 333 more common in more arcs? The architecture, rheology and thermal structure of a 334 subduction zone will control the extent to which deep crystallisation may occur and be 335 overprinted by later differentiation. In Surigao, deep differentiation is recorded while 336 shallow crystallisation appears to have had a negligible impact on geochemistry of the 337 adakites. In contrast, the Pliocene rocks are typical arc lavas and do not record deep 338 processing. This difference could reflect changes in magma plumbing across the arc with 339
deeper ponding favoured at greater distance from the arc. Alternatively, variations in the 340 magma flux through the arc could be responsible. An extensive magma plumbing system 341 in mature arc crust will decrease the probability that the signature of deep crystallisation 342 will survive shallow crystallisation, magma mixing or interaction with the crust itself 343 ( 
